Recent evidence in the U.S. and Europe indicates that stocks with high maximum daily returns in the previous month, perform poorly in the current month. We investigate the presence of a similar effect in the emerging Chinese stock markets with portfolio-level analysis and firm-level Fama-MacBeth cross-sectional regressions. We find no evidence of a MAX effect if we hold portfolios for just one month, but a MAX effect exists if we extend the holding period to three and six months. Contrary to U.S. and European evidence, the MAX effect in China does not weaken much less reverse the anomalous IV effect. Both the MAX and IV effects appear to independently coexist in the Chinese stock markets. Interpreted together with the strong evidence of risk-seeking behaviour among Chinese investors, our results are consistent with the suggestion that the negative MAX effect is driven by investor preference for stocks with lottery-like features.
Introduction
Motivated by recent evidence from Kumar (2009) that investors in the U.S. stock markets exhibit a preference for stocks with lottery-like characteristics, Bali, et al. (2011) investigate the role of extreme positive returns in the cross-sectional pricing of stocks in the U.S. Considering stocks that exhibit extreme positive returns to be lottery-like, they find that stocks with the highest maximum daily returns in the previous month (MAX), tend to perform poorly in the following month. For their decile portfolios, they report negative raw and risk-adjusted return spreads between portfolios with the highest and lowest maximum daily returns exceeding 1% per month. The negative relationship is robust even as they control for size, book-tomarket, momentum, short-term reversals, liquidity, and skewness. Bali et al. (2011) also find that the MAX effect reverses the anomalous negative relationship between idiosyncratic volatility and stock returns (henceforth, the IV effect) first documented by Ang et al. (2006 Ang et al. ( , 2009 in the U.S. markets, leading them to argue that MAX is the true effect and that idiosyncratic volatility is just a proxy for MAX. Bali et al. (2011) explain the apparent negative MAX effect as a result of investor preference for stocks with lottery-like characteristics, in particular those with the potential to produce high maximum daily returns albeit with low probability. A preference for these stocks leads to overpayment which eventually results to underperformance in the following month. Such behaviour is consistent with two descriptive models of decision making under uncertainty --Tversky and Kahneman's (1992) cumulative prospect theory (CPT), as recently extended by Barberis and Huang (2008) and Kothiyal et al. (2011) and the optimal expectations framework of Brunnermeier and Parker (2005) and Brunnermeier et al. (2007) . Cumulative prospect theory is a non-expected utility model that accommodates overweighting of tails of distributions as a modelling device that captures the common preference for lotterylike (positively skewed) wealth distributions (Barberis and Huang, 2008) . In the optimal expectations framework of Brunnermeier and Parker (2005) and Brunnermeier et al. (2007) decision makers deliberately choose to distort their beliefs by overestimating the probabilities of events in which their investments pay off well. Brunnermeier et al. (2005) show that this model leads to a) portfolios that are underdiversified, b) investors exhibiting a preference for lottery-like assets and c) that these lottery-like assets tend to have lower returns. Fong and Toh (2014) suggest that investor optimism generates a preference for lottery-type stocks thereby providing a behavioural underpinning to the optimal expectations framework.
Empirical evidence of the MAX effect in other markets is still very sparse.
While Annaert, et al. (2013) and Walkshausl (2014) confirm the presence of a MAX effect in European markets and Nartea, et al. (2014) also document a negative MAX effect in the South Korean stock market, we are not aware of studies done in other Asian emerging stock markets. This paper investigates the presence of a MAX effect in China, the world's largest emerging market. By focussing on China we not only examine the world's largest emerging market but we are also presented with a unique opportunity to test Bali et al.'s (2011) "preference for lottery stocks" explanation of the MAX effect, in as much as Chinese investors have been shown to exhibit riskseeking behaviour (see for example Ma, 1996; Ng and Wu, 2006; Lee and Wong, 2009; Fong, Wong, and Yong, 2010) . Studies have also shown that social gambling is considered an acceptable form of entertainment within the Chinese culture (Raylu, and Oei, 2004; Loo, Raylu, and Oei, 2008 ) which leads to a predisposition for lotterylike stocks. If Bali et al.'s (2011) explanation is valid, we expect to document a negative MAX effect in the Chinese stock markets.
In less than twenty years China's two stock markets, located in Shanghai and Shenzhen, have grown from a handful of listed stocks to collectively become the second largest stock market in the world by the end of 2011 behind only the US stock markets and the largest emerging stock market. Inspite of this remarkable progress there is still enormous potential for growth since the proportion of their market capitalisation to China's GDP is only 49% as of the end of 2009 compared with 86% for the U.S. stock markets. In addition, the Chinese stock markets also lag their developed market counterparts in terms of financial sophistication and market efficiency. For instance short selling was not allowed until March 2010 when a pilot program designated 90 stocks as eligible to be sold short and/or purchased on margin.
Inspite of this initiative short-selling is still not allowed for a majority stocks traded in the Chinese stock markets. As China continues to open its markets to foreign investors, understanding the factors that drive stock price movements in its stock markets has become an important issue.
For comparability we follow Bali, et al's (2011) portfolio sorting approach.
We sort stocks according to maximum daily returns in the previous month, form portfolios on this basis and track the returns of these portfolios in the succeeding month, reforming portfolios monthly. We also vary the portfolio holding period to three and six months and confirm the robustness of our results with a double-sort procedure to control for various cross-sectional effects including size, book-to-market, momentum, short-term reversal, idiosyncratic volatility, closing price and skewness.
In addition to portfolio analysis, we perform firm-level Fama-MacBeth crosssectional regressions as further robustness tests.
Our results can easily be summarised. First, though we find no evidence of a MAX effect if we hold portfolios for just one month, we document a negative MAX effect if we extend the holding period to three and six months. Our results add to the existing evidence of a negative MAX effect in the U.S., European, and Korean stock markets and underscore the growing importance of extreme returns in asset pricing across equity markets. Interpreted together with the strong evidence of risk-seeking behaviour among Chinese investors documented in the extant literature, our results support Bali, et al.'s (2011) suggestion that the negative MAX effect is driven by investor preference for stocks with lottery-like features. Insofar as the negative MAX effect is driven by overpayment of investors for high MAX stocks which then leads to underperformance, we suggest that this could be due to price trading limits which cause lags in the adjustment of prices back to fundamental levels, by up to six months.
We further suggest that the negative MAX effect persists due to severe short-selling constraints in the Chinese stock markets that limit arbitrageurs from trading this effect away. Second, we find that the MAX effect does not necessarily weaken the anomalous IV effect in the Chinese stock market contrary to the findings of Annaert et al. (2013) for European markets much less reverse it as documented by Bali et al.
(2011) for the U.S. markets. In fact our results suggest that both the MAX and IV effects can independently coexist in the Chinese stock markets which emphasize the importance of in-country verification of certain anomalies initially documented in developed markets.
The rest of the paper is organized as follows: Section 2 describes our data and discusses our estimation procedures. It describes the single-sort method of portfolio analysis and the double-sort procedure that is used to control for various known effects. Section 3 reports the empirical results with section 3.1 dealing with results of portfolio-level analysis while section 3.2 reports results of firm-level Fama-MacBeth cross-sectional regressions. We use an alternative measure of extreme returns in section 3.3 and extend the portfolio holding period to three and six months in section 3.4. Section 4 concludes the paper.
Data and Methods
Daily and monthly stock returns and accounting data for individual firms were obtained from DataStream. We use A-shares listed in both the Shanghai and Shenzhen stock exchanges. The data set covered the period from January 1994 with 185 firms, to December 2013 with 2525 firms with an average of 1279 firms per month resulting in a total of 305,674 firm-month observations. The risk-free rate which is defined as the demand deposit rate was also obtained from DataStream. Market returns are the value-weighted returns of all firms used in the study.
Following common practice in the existing literature we eliminated investment trusts, closed-end funds, exchange traded funds, and preferred shares from the sample.
We also deleted stocks with daily returns less than -100% and stocks with monthly returns greater than 200% to avoid the influence of extreme returns and possible data recording errors.
At the beginning of each month, we form tertile portfolios according to MAX, defined as the maximum daily return in the past calendar month--high MAX (HMAX), medium MAX (MMAX), and low MAX (LMAX). We apply holding periods of one, three and six months and determine the raw and risk-adjusted returns (alpha) of each portfolio. Portfolios are reformed every month. The risk-adjusted return refers to the Fama-French (1993) three-factor model alpha estimated using the full sample of the time-series of value-or equal-weighted returns for each portfolio. We relate MAX in t with raw and risk-adjusted returns in month t+1, the three-month return ending in month t+3, and the six-month return ending in month t+6.
We control for several variables including size, book-to-market (BM), intermediate-term momentum, short-term reversals, closing price, skewness, and idiosyncratic volatility using dependent bi-variate sorts similar to that employed by Bali et al. (2011) . First we sort on the control factor (i.e., size, value, momentum, and so on) into tertiles. Within each tertile we sort further into tertiles based on MAX.
Then we average within each MAX category resulting in three portfolios with variation in MAX but similar levels in the control variable. Small-HMAX so that we have a high MAX portfolio which contains all sizes. We do the same for the MMAX, and LMAX portfolios. This process results in three portfolios with variation in MAX but similar levels in the control variable --size. We replicate this procedure for the other control variables.
The size variable at the beginning of month t is defined as the log of the stock's market capitalization at the end of month t-1, BM is the stock's book-tomarket ratio six months prior, i.e. at the end of t-6.
1 Following Jegadeesh and Titman (1993), the momentum variable at time t is the stock's 11-month past return lagged one month, i.e. return from month t-12 to month t-2. The short-term reversal variable is defined following Jegadeesh (1990) as the stock's one month past return, i.e. return in month t-1. Closing price is the stock's final trading price at the end of month t-1.
Skewness of stock i as of the beginning of month t is computed using daily returns in the past 22 trading days. Idiosyncratic volatility (IV) of stock i at the beginning of month t is defined as the standard deviation of daily residuals from the Fama-French three factor model (1) estimated using daily returns in month t-1. R i , t and MKT are excess returns of stock i and the market, respectively, over the risk-free rate. We generate daily values of SMB by sorting stocks at the beginning of every month t into three groups according to size (Small, Medium, Big) . SMB is the difference in daily returns between the small-and large-stock portfolios. Similarly we generate daily values of HML by sorting stocks into three groups according to their book-to-market (BM) ratio in month t-6 (High-, Medium-, and Low-BM). HML is the difference in daily returns between the High-and Low-BM stock portfolios. Portfolios are reformed every month. Table 1 shows the returns and FF-3 alpha of portfolios sorted on the maximum daily returns in the past month (MAX). We report results for both value-and equalweighted portfolios. Columns 1 and 3 indicate the absence of MAX effect based on both equal-(EW) and value-weighted (VW) returns since while the difference between the returns of the high and low MAX portfolios is negative for both EW and VW returns, these return spreads are statistically insignificant. However both EW and VW FF-3 alpha spreads (henceforth alpha spreads) at -0.95% per month and -0.60%
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per month, respectively, are significant indicating the presence of a negative MAX effect, though these alpha spreads are significantly lower compared with the alpha spreads documented by Bali, et al. (2011) for the U.S. markets as well as the alpha spread documented by Nartea, et al. (2014) for Korea.
(Insert Table 1 about here) Table 2 presents the characteristics of the MAX-sorted portfolios. Table 2 indicates that there appears to be no difference between high and low MAX stocks in terms of average size and momentum. However, Table 2 also shows that high MAX stocks tend to be low BM stocks, winners in the previous month, are higher priced, have positively skewed return distributions and have higher IV than low MAX stocks. The last two characteristics are consistent with high MAX stocks exhibiting lottery-like features. More importantly, these characteristics of high MAX stocks point toward lower returns in the succeeding month based on the BM effect, short-term reversal effect (Jegadeesh, 1990; Lehman, 1990) , negative IV effect (Ang et al., 2006 (Ang et al., , 2009 , and investor preference for positive skewness (Golec and Tamarkin, 1998; Mitton and Vorkink, 2007) . Therefore, these variables could potentially explain the negative MAX effect. We test this formally using dependent bivariate sorts and cross-sectional regressions and report the results in later sections.
(Insert Table 2 about here)
Bivariate sorting
In this section we control for size, BM, momentum, short-term reversal, closing price, skewness and IV to test the robustness of the apparent negative MAX effect for EW and VW portfolios using a battery of bivariate sorts and report the results in Table 3 .
Following Bali, et al. (2011) we focus our attention on the alphas since they control for the standard set of systematic factors.
(Insert Table 3 about here)
Our results show that the apparent negative MAX effect we document earlier is not entirely robust. Though the negative MAX effect survives as we control for size when we double-sort on momentum and MAX, while the VW alpha spread reported in panel G is insignificant at -0.31% per month (t-stat = -1.6677) when we double-sort on idiosyncratic volatility and MAX. In sum, the bivariate sorts indicate that the negative MAX effect in a one-month holding period is not robust and could potentially be explained by momentum and idiosyncratic volatility.
Firm-level cross-sectional regressions
Since dependent bi-variate sorts cannot be used to control for multiple effects simultaneously we also conduct firm-level Fama-MacBeth regressions. In addition, the portfolio analysis conducted earlier loses too much information through aggregation so we estimate the following model and its nested versions:
Realized stock return in month t, R i,t , is regressed on one-month lagged values of the maximum daily return in the previous month (MAX), log of market capitalization
closing price (CP), skewness (SKEW), and realized idiosyncratic volatility (IV). The variables are as defined earlier. Table 4 reports the time series averages of the slope coefficients over the 240 months from 1994:01-2013:12 for univariate regressions.
The Newey-West t-statistics are given in parenthesis. The univariate regression shows a statistically significant negative relation between MAX and the cross-section of onemonth ahead stock returns. The results also show significant negative coefficients for SIZE, REV, SKEW, and IV and a significant positive coefficient for BM consistent with expectations. The CP coefficient is significantly negative and while the momentum variable, MOM, has the expected positive coefficient it is not statistically significant.
(Insert Table 4 about here)
The result of the bivariate regressions with MAX reported in Table 5 shows that the MAX effect survives when we control for the variables individually. However, if we control for all nine variables simultaneously, the negative MAX effect disappears. Therefore our results suggest the absence of a MAX effect if we restrict the holding period to one month.
(Insert Table 5 about here)
Alternative measure of extreme returns
Bali et al. (2011) report that the negative MAX effect is stronger if they use the average of the five highest daily returns in the previous month to sort portfolios.
They call this measure MAX(5). Hence we also test for evidence of a MAX effect using MAX(5) to sort portfolios. The results reported in Table 6 show that though the EW alpha spread is significantly negative, the VW alpha spread is not. These results indicate that the MAX effect is not necessarily stronger with MAX(5) contrary to the findings of Bali et al. (2011) in the U.S. markets.
(Insert Table 6 about here)
As an additional test we also perform firm-level Fama-MacBeth crosssectional regressions as in equation 2 and report the results in Table 7 . Similar to our results with MAX we also find in the univariate regression, a statistically significant negative relation between MAX(5) and the cross-section of one-month ahead stock returns. The result of the bivariate regressions with MAX(5) also reported in Table 7 shows that if we control for the variables individually, the MAX effect remains significantly negative. However just as in case with MAX, if we control for all nine variables simultaneously, the MAX(5) coefficient is no longer significant. Therefore whether we use MAX or MAX(5) we find no evidence of a MAX effect in the Chinese stock market when MAX portfolios are held for one-month.
(Insert Table 7 about here)
Extended holding periods
As the Chinese stock market is subject to trading price limits 2 , it could be argued that stock prices may not have fully adjusted within the one holding month period that we have so far imposed in our analysis. If the negative MAX effect is driven by investors who overpay for stocks with extreme positive returns which then results in underperformance when prices settle to fundamental levels, we expect to find evidence of a stronger MAX effect when we employ a longer holding period.
Hence we also investigate the presence of the MAX effect for extended holding periods of three and six months. Table 8 shows the three-month returns and FF-3 alpha of portfolios sorted on the maximum daily returns in the past month (MAX).
Columns one and three of Table 8 show that similar to the results with a one-month holding period, the equal-and value-weighted raw return spreads are negative but insignificant even as we increase the holding period to three months. However, both EW and VW alpha spreads are significantly negative. This suggests a negative MAX effect in a three-month holding period and also suggests at least a three-month lag in the adjustment of prices back to fundamental levels.
(Insert Table 8 about here)
Even when we control for the various effects with bivariate portfolio sorts in Table 9 , the alpha spreads remain significantly negative except for the EW alpha spread when we double-sort on momentum and MAX (panel C).
(Insert Table 9 about here)
The results become more interesting when we employ firm-level FamaMacBeth cross-sectional regressions. The results of univariate regressions reported in Table 10 show a significantly negative MAX effect. We also observe significant size, BM, reversal and skewness effects with expected signs. Interestingly we also observe a highly significant anomalous negative IV effect consistent with the findings of Nartea et al. (2013) .
(Insert Table 10 about here)
In Table 11 , we report the results when we control for various effects individually with firm-level bivariate regressions. Table 11 shows that the MAX effect remains significantly negative in bivariate regressions. It is interesting to note that even when we control for all nine variables simultaneously the MAX effect remains, though it is only marginally significant. It is equally interesting to note that the negative IV effect survives in a multivariate setting that includes MAX. This indicates that both the MAX and IV effects appear to coexist in China and does not support the suggestion of Bali et al. (2011) that MAX is the true effect for which idiosyncratic volatility is only a proxy.
(Insert Table 11 about here)
Finally, we also examine the MAX effect in portfolios with a holding period of six months. The results are similar to the three-month holding period. Table 12 reports the six-month returns and FF-3 alpha of portfolios sorted on MAX and shows that the EW and VW return spreads are negative but insignificant. However, the alpha spreads are negative and highly significant, indicative of a negative MAX effect. The results of bivariate portfolio sorts reported in Table 13 show that none of the control variables can eliminate the negative alpha spreads hence none can explain the negative MAX effect. But more importantly, the Fama-MacBeth regressions in Tables 14 and 15 indicate a significantly negative MAX effect in univariate, bivariate and multivariate regressions. Our results suggest that the negative MAX effect could last as long as six months. Again it is interesting to note that both MAX and IV effects survive in a multivariate setting. So at worst, these two effects appear to be independent of each other in the Chinese stock market contrary to the suggestion of Bali et al. (2011) that idiosyncratic volatility effect could just be proxying for the MAX effect.
(Insert Table 12 about here) (Insert Table 13 about here) (Insert Table 14 about here) (Insert Table 15 about here)
Overall, we find evidence of a negative MAX effect in the Chinese stock market but only in extended holding periods. This MAX effect is also apparently weaker than in the U.S. markets. We suggest that the persistence of the negative MAX effect stems from constraints to short-selling in the Chinese stock markets which limit the opportunity for arbitrage.
Our results are consistent with a market driven by investors with a preference for lottery-like stocks -those that have exhibited extreme positive returns in the past (2011) that the negative MAX effect is driven by investor preference for stocks with lottery-like features.
Table 1. Returns on portfolios sorted by MAX
At the beginning of every month we sort stocks into tertiles according to their maximum daily return (MAX) in the past calendar month. We compute each portfolio's equal-and valueweighted raw returns for the current month. We also estimate each portfolio's alpha (α coefficient) from the FF3-factor model estimated using the full sample of monthly value-or equal-weighted returns for each portfolio. The last row shows the difference in monthly returns and differences in alpha between the high and low MAX portfolios. T-statistics are reported in parenthesis. We conduct the analysis for the full sample period 1994:01-2013:12. 1994:01-2013:12. Size at the end of month t is defined as the log of the firm's market capitalization at the end of month t, BM is the firm's book -to-market ratio six months prior, i.e. at the end of t-6. Following Jegadeesh and Titman (1993) , Momentum at time t is the stock's 11-month past return lagged one month, i.e. return from month t-12 to month t-2. REV in month t is short-term reversal defined as the return on the stock in month t-1, following Jegadeesh (1990) and Lehmann (1990) . CP is the closing price for stocks in the end of previous month. Skewness is the third standardized moment of returns of the past 22 trading days. IV is the standard deviation of the residuals of the FF3-factor model, using daily data for the previous 22 trading days. The last row is the difference between the high and low MAX portfolio. T-statistics are reported in parenthesis. 
EW portfolios VW portfolios
Table 3.Alpha of equal-weighted double-sorted portfolios
At the end of each month over 1994:01-2013:12, stocks are double-sorted 3x3, first by the control factor (size, BM, momentum, REV, CP, skewness, and IV) into three portfolios and then within each portfolio we sort stocks again by their maximum daily return in the past calendar month (MAX). The alpha of each portfolio is presented with t-statistics in parenthesis. Alpha refers to the FF-3model alpha using the full sample of monthly returns for each portfolio. To control for a particular factor, we average the alpha within each MAX category ending up with three portfolios with dispersion in idiosyncratic volatility but containing all values of the factor being controlled. Size, BM, momentum, REV, CP, skewness, and IV are as defined in Table 2 . LMAX, MMAX , HMAX refer to low, medium, and high MAX portfolio, respectively; BIG, big size; MED, medium size; SMA, small size; HBM, MBM , LBM refer to high, medium, low book-to-market, respectively; WNR, winner; MID, middle; LSR, loser. HCP, MCP, LCP refer to high, medium, low CP ratio, respectively; HSK, MSK, LSK refer to high, medium, and low skewness. LIV, MIV, HIV refer to low, medium, and high idiosyncratic volatility, respectively. At the beginning of every month we sort stocks into tertiles according to the average of the five highest daily returns (MAX5) in the past calendar month. We compute each portfolio's equal-and value-weighted raw returns for the current month. We also estimate each portfolio's alpha (α coefficient) from the FF3-factor model estimated using the full sample of monthly value-or equal-weighted returns for each portfolio. The last row shows the difference in monthly returns and differences in alpha between the high and low MAX portfolios. T-statistics are reported in parenthesis. We conduct the analysis for the full sample period 1994:01-2013:12. At the beginning of every month we sort stocks into tertiles according to their maximum daily return in the past calendar month (MAX). We compute each portfolio's equal-and valueweighted raw returns for a three-month holding period. We also estimate each portfolio's alpha (α coefficient) from the FF3-factor model estimated using the full sample of value-or equal-weighted returns for each portfolio. The last row shows the difference in monthly returns and differences in alpha between the high and low MAX portfolios. T-statistics are reported in parenthesis. We conduct the analysis for the full sample period 1994: At the end of each month over 1994:01-2013:12, stocks are double-sorted 3x3, first by the control factor (size, BM, momentum, REV, CP, skewness, and IV) into three portfolios and then within each portfolio we sort stocks again by their maximum daily return in the past calendar month (MAX). The alpha of each portfolio is presented with t-statistics in parenthesis. Alpha refers to the FF-3model alpha using the full sample of 3-month returns for each portfolio. To control for a particular factor, we average the alpha within each MAX category ending up with three portfolios with dispersion in idiosyncratic volatility but containing all values of the factor being controlled. Size, BM, momentum, REV, CP, skewness, and IV are as defined in Table 2 At the beginning of every month we sort stocks into tertiles according to their maximum daily return in the past calendar month (MAX). We compute each portfolio's equal-and valueweighted raw returns for a six-month holding period. We also estimate each portfolio's alpha (α coefficient) from the FF3-factor model estimated using the full sample of value-or equalweighted returns for each portfolio. The last row shows the difference in monthly returns and differences in alpha between the high and low MAX portfolios. T-statistics are reported in parenthesis. We conduct the analysis for the full sample period 1994: 
